Objective: The aim of this study was to evaluate the performance of New Ballard Score (NBS) in small-for-gestational age (SGA) neonates. Methodology: Neonates born at 35-40 weeks of gestation were included if accurate obstetric gestation estimate was available and birth weight was <10th percentile for gestation. Gestation-matched appropriate-for-gestational-age neonates were enrolled as controls. Gestation derived from NBS was compared with gestation calculated from last menstrual period. Results: Gestational age estimated by NBS was significantly higher in SGA neonates (mean difference: 0.7 weeks). Neuromuscular component score was similar but physical component score was significantly higher in SGA neonates. Reanalysis after reducing score of 4 to 3 of SGA babies for skin and plantar crease physical parameters showed overestimation of gestational age decreased to 0.4 weeks. Conclusions: The physical parameters of NBS overestimate gestation in SGA neonates. Changing scores of skin and plantar creases in SGA neonates better estimates gestation age.
W h a t i s a l r e a d y k n o w n ?
• NBS is simple and accurate gestation assessment tool, has good interrater reliability and remains valid for neonates born in widely different populations.
W h a t i s n e w ?
• Physical parameters of NBS overestimate gestation in SGA neonates.
• Decreasing score of skin and plantar crease parameter by 1 in case of a score of 4 leads to a better estimation of gestational age in SGA neonates.
I N T R O D U C T I O N
Knowledge of the accurate gestation at birth is essential to anticipate medical problems, decide level of neonatal care to be provided, interpret anthropometric measures and provide neurodevelopmental prognosis. Gestational age (GA) is calculated from date of last menstrual period (DLMP) and from fetal biometric parameters on first-trimester obstetric ultrasound (USG). Obstetric estimates of gestation from accurate DLMP and by early obstetric USG are reliable and within 11 days of each other [1] . However, there may be uncertainty in these obstetric estimates because of bleeding in early months of pregnancy, illiteracy, ignorance or conception during lactational V C The Author [2017] . Published by Oxford University Press. All rights reserved. For Permissions, please email: journals.permissions@oup.com amenorrhea [2] . In the event of unavailability or unreliability of obstetric estimates, gestational assessment is done by neonatal physical examination.
The most widely accepted scoring system for postnatal estimation of GA is the New Ballard Score (NBS). NBS is simple and accurate gestation assessment tool, has good interrater reliability and remains valid for neonates born in widely different populations [3] . However, fetuses with intrauterine growth restriction have sustained periods of fetal deprivation, decreased nutrient stores and redistribution of blood supply from peripheral to central vital organs [4] . These changes may alter physical appearance and neurological performance of small-for-gestational-age (SGA) neonates at birth and therefore compromise reliability of gestational assessment by neonatal examination. Of 8 million low-birth-weight neonates born in India each year, 40.8% are SGA [5] . Performance of NBS has not been evaluated systematically in SGA neonates. Only 7% neonates of the study population from which NBS was derived were SGA. We planned this study according to the hypothesis that NBS is less accurate for assessing gestation age in SGA neonates.
M A T E R I A L A N D M E T H O D S
This cross-sectional study was conducted in a tertiary care hospital from May 2014 to October 2014. Written informed consent was obtained from the parent/guardian before enrolling each baby. The study was approved by the institutional ethical committee.
Study subjects
Neonates born at 35-40 weeks of gestation were eligible for enrollment in the study if mother's DLMP was known and first-trimester obstetric USG was available. Neonates with >2 week difference in gestation assessment by DLMP and USG, gross congenital malformations, symptomatic hypoglycemia, birth from multiple pregnancy, inotropic support/ventilator, encephalopathy because of any cause or postnatal age >48 h were excluded.
Following two groups of neonates were enrolled:
Small for gestational age group: Consecutively born SGA neonates were enrolled in the study if they fulfilled the eligibility criteria and parental consent was available. Neonates were classified as SGA if birth weight was <10th centile for GA [6] .
Appropriate for gestational age group: After enrollment of a SGA neonate, next born appropriate for gestational age (AGA) neonate at same gestation was enrolled in the study if (s)he fulfilled the eligibility criteria and parental consent was available. Neonates were classified as AGA if birth weight was between 10th and 90th centile for GA [6] .
Study measurements NBS was done by the primary investigator within 48 h of birth (Fig. 1 ). The baby was moved to a special warmed examination room. The item-wise raw score, total physical score, total neurological score, total score and GA based on the total score were recorded. After completing assessment, antenatal history, DLMP and first trimester, USG findings were noted to eliminate observer bias, which would have occurred by prior knowledge of Last menstrual period (LMP) and USG findings. The primary investigator was a neonatology fellow and was trained for NBS evaluation under supervision of the main guide. At random, 20% of the enrolled neonates were examined by an independent observer to check the accuracy of the primary investigator.
Sample size estimation Group sample sizes of 116 of AGA and 116 of SGA achieved 80% power to detect a difference of 0.1 between the null hypothesis that both group correlations were 0.9 and the alternative hypothesis that the correlation in SGA neonates was 0.8 using a twosided z test (which uses Fisher's z-transformation) with a significance level of 0.05. We enrolled 120 neonates in each group. To ensure that each gestation group was sufficiently represented, 60 newborns were enrolled in each group of late preterm AGA/ SGA and term AGA/SGA neonates.
Statistical analysis
Gestation obtained by NBS was compared with GA estimates from LMP and first-trimester USG. The groups were compared with each other for physical score, neurological score and total score. Summary statistics was presented as number (percentage), mean (standard deviation) or median (inter-quartile range). Pearson's correlation coefficient between AGA and SGA neonates was compared for various parameters of NBS. Effects of various antenatal morbidities on NBS parameters were tested by chi-square or Fisher exact test. p value of <0.05 was considered significant. 
R E S U L T S
During the study period, there were 2982 live births in the hospital. Of these, 168 neonates were SGA and born at 35-40 weeks of gestation. Of the 168 SGA babies, 48 did not meet the eligibility criteria and were excluded (in 21 neonates, first-trimester USG was not available; in 15, LMP was not known; 5 were unstable clinically; 3 had major congenital malformation; 2 died before 24 h of age; and in 2 neonates, delay of >48 h). A total of 120 SGA and subsequently born 120 gestation-matched AGA neonates were included in the study.
Baseline variables
Perinatal data and maternal characteristics were comparable (Table 1) .
Mean GAs of the study population were 37.1 6 1.7, 37.1 6 1.7 and 37.4 6 1.8, respectively, by LMP, USG and NBS. The GA assessment was minimum with LMP and maximum with NBS with a mean difference of 0.31 weeks (approximately 2 days).
Study outcomes
Primary outcome of the study was accuracy of NBS in assessing GA in SGA versus AGA term and latepreterm neonates. This was assessed by calculating mean difference between gestation assessed by NBS and the gestation assessed by obstetric estimate. As shown in Table 2 , while neuromuscular component scores were similar in AGA and SGA neonates, physical component and total scores were higher in SGA neonates. As a result, in SGA neonates, gestation assessed was higher by 0.7 weeks (95% CI: 1.1-0.2), i.e. 5 days approximately.
Overall, maximum correlation of 0.96 was present between GA assessment by LMP and USG. NBS had correlations of 0.88 and 0.86 with GA assessment with LMP and USG, respectively. Correlation between GA assessment of AGA and SGA babies with LMP and USG was significantly good in all the subgroups (Table 3) . Of the individual parameters in AGA babies, maximum correlation with GA by LMP was of heel to ear (0.61) in neuromuscular parameters and plantar crease (0.71) among physical parameters. Among SGA babies, maximum correlation was of posture (0.73) in neuromuscular parameters and breast mound (0.68) in physical parameters. Factors like gender, age of examination, Apgar score, pregnancy-induced hypertension, eclampsia, gestational diabetes, antenatal steroids and mode of delivery had no significant effect on NBS.
A post hoc analysis was done after reducing the score of 4 to 3 of SGA babies for skin and plantar crease physical parameters, which had the worst individual correlation. It was found that overestimation of GA of SGA babies decreased to 0.4 weeks, i.e. 2.8 days approximately, and the difference was not statistically significant (Table 4) .
D I S C U S S I O N
NBS is used all over the world for gestation age assessment. The derivation cohort for the NBS had only 7% SGA neonates. Considering Lubchenco's charts, 40.8% of babies born in India are SGA [5] . Hence, we did this study to compare accuracy of NBS in SGA and AGA neonates. In our whole study cohort comprising equal number of AGA and SGA neonates, mean GA assessment by NBS was more by 0.31 weeks than the gestation calculated from DLMP. This was consistent with the findings of Ballard et al. (1991) who found NBS to overestimate GA from DLMP by 0.30 weeks.
Although correlation between gestation assessed by NBS and obstetric estimates was good, NBS overassessed gestation to a greater degree of 0.7 weeks in SGA neonates. SGA neonates had neuromuscular maturity similar to AGA neonates. On the other hand, SGA neonates were physically more mature than AGA neonates. An earlier study with only a small number of SGA babies found physical score to have correlation coefficient of 0.95 [3] . In intra uterine growth retardation (IUGR) babies, neurological score has previously hypothesized to be better than physical score for determination of GA [7] . We speculate that infants born SGA may have had intrauterine stresses that accelerate fetal maturity, thus affecting physical parameters more. Fetal growth, the basis of USG, may not be affected by intrauterine stresses to the same extent or in the same direction as is fetal maturity, which forms the basis of NBS. These biological influences may explain the discrepancy in GA assessment by NBS as compared with LMP and USG. Another study documented that the physical characteristics were affected by IUGR but developmental neurological reflexes remained unaffected [8, 9] . One study found tendency to assign greater GA by NBS in babies treated with antenatal steroids before delivery [10] . However, in our study, none of the prenatal and postnatal parameters like gender, age of examination, Apgar score, Pregnancy induced hypertension (PIH), eclampsia, Gestational Diabetes mellitus (GDM), antenatal steroids and mode of delivery was found to be significantly affecting NBS. Ballard stated that maternal diabetes accelerates fetal growth but retards maturity, and maternal hypertension retards fetal growth and seems to accelerate maturity, but no significant correlation was established [3] .
The strength of this study is prospective study design and highlights on the physical over-maturity of the growth-retarded babies. This over-assessment of gestation of SGA babies may deny some special attention needed at their true GA, e.g. special care newborn unit admission. As Ballard's study was not powered enough for SGA babies, the NBS needs some modifications of physical score (particularly skin and plantar creases) for late preterm and term SGA babies. This observation needs validation in all the GAs. Assuming that symmetrical IUGR babies have growth restriction in early days of gestation, which overlaps the period of neurological development, further studies are required to establish validity of NBS in symmetric and asymmetric IUGR babies and compare them with gestation-matched AGA babies.
The limitations of this study are that recruitment was from a single center and only late preterm and term babies were included. We need to explore whether this physical over-maturity of SGA babies is unique in our population or applies to various ethnic groups.
